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A B S T R A C T

Age-related macular degeneration (AMD) is a complex eye disease in which decline in autophagy leads to the
accumulation of sequestosome 1/p62 (SQSTM1/p62)-labeled waste material inside the retinal pigment epi-
thelial (RPE) cells, and the condition results in activation of the inflammasome signaling and IL-1β secretion.
Here, we have studied the role of SQSTM1/p62 in the production of IL-6, IL-8, and MCP-1 in the presence or
absence of IL-1β. SQSTM1/p62 was either overexpressed or silenced in ARPE-19 cells, which were then exposed
to IL-1β. Alternatively, bafilomycin A was used to demonstrate the functional decline of autophagy with in-
creased SQSTM1/p62 levels. The protein concentration of SQSTM1/p62 was measured using the western blot
technique, and interleukin levels were determined by ELISA. In IL-1β-loaded RPE cells, SQSTM1/p62 depletion
and overexpression increased the production of MCP-1 and IL-8, respectively. Neither knock-down nor over-
expression of SQSTM1/p62 induced the release of IL-6. Our data suggest that SQSTM1/p62 is a significant factor
in inflammatory responses, especially following the inflammasome activation.

1. Introduction

Age-related macular degeneration (AMD) is a degenerative eye
disease, which is the leading cause of blindness among the elderly in
Western countries. Due to increased life expectancies, it is predicted
that the number of patients will increase in the future, reaching 288
million by 2040 [1]. The retinal pigment epithelium (RPE), a cell
monolayer in the posterior part of the eye, plays a crucial role in the
pathogenesis of AMD [2]. Its main functions include the absorption of
light, the maintenance of the nutrient level of the photoreceptors, im-
mune functions of the macula, as well as phagocytosis and degradation
of photoreceptor outer segments (POS) [2]. It has been estimated that
RPE cells engulf approximately 3 hundred million outer segment discs
during the 70-years life span of a human being [3]. Therefore, the
phagocytosis of POS material in a process called heterophagy, is a
massive metabolic challenge for lysosomal pathways, which can be-
come overburdened in aged RPE cells [2].

Macroautophagy, hereafter called as autophagy, is a regulated ly-
sosomal degradation system responsible for the removal of cellular
waste materials, such as aggregated proteins and dysfunctional cell
organelles [4–5]. Autophagy is an adaptive process to reduce stress,

promote the cell survival, and circulate nutrients [5]. SQSTM1/p62 is
an autophagy substrate employed for binding and delivering ubiquiti-
nated material prior to their decomposition in autophagosomes [6–8].
Upon localization into autophagosomes, SQSTM1/p62 interacts with
microtubule-associated protein 1 light chain 3 (MAP1LC3, also known
as LC3) via its LC3-interacting region (LIR) and becomes degraded
along with the cargo of autophagosomes by the lysosomal enzymes
[4,9]. We have previously shown that the decline in the intracellular
clearance results in the accumulation of SQSTM1/p62 inside the RPE
cells [10–11] as well as in the foveomacular area of AMD patients [10].

In addition to autophagosomes and autophagy substrates, SQSTM1/
p62 can be located in both the cytoplasm and the nucleus [12]. Due to
its several functional domains, SQSTM1/p62 is a scaffold protein for
many signaling pathways [6,8,12]. For example, its domains regulate
the activation of nuclear factor erythroid 2-related factor 2 (Nrf2) by
binding and thus inhibiting the function of kelch-like ECH-associated
protein 1 (KEAP1) [13]. On the other hand, the transcription factor
NFE2L2/Nrf2 can control the expression of SQSTM1/p62 [14]. Ad-
ditionally, SQSTM1/p62 is also known to upregulate apoptosis, impaire
adipogenesis [8,15] as well as activate the nuclear factor kappa B (NF-
κB) via its TNF receptor associated factor 6 (TRAF6)-binding domain
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[16]. Moreover, SQSTM1/p62 has the ability to bind p38 and regulate
cytokine-dependent p38 MAPK kinase activation, most likely via its N-
terminal p38 interaction (NPI) and C-terminal p38 interaction (CPI)
domains [17,18].

Together with malfunctional protein clearance, inflammation is a
major factor in the pathogenesis of AMD [19]. We have previously
shown that dysregulated intracellular protein clearance results in the
activation of the NLR family pyrin domain-containing 3 (NLRP3) in-
flammasome in human RPE cells [20]. Our data also suggested that the
inflammasome activation-induced release of IL-1β further promoted the
release of IL-8 from RPE cells in an autocrinic manner [20]. Therefore,
it appears possible that the secretion of IL-1β can amplify the in-
flammation in RPE cells with impaired intracellular clearance. Since
RPE cells with dysfunctional proteasomal and autophagic systems have
an abundance of SQSTM1/p62, we have now examined whether this
protein is required for the IL-1β-driven release of pro-inflammatory
cytokines in human RPE cells. Since dysregulated retinal para-in-
flammation and accumulation of inflammatory cells into the subretina
are known to play a role in the pathogenesis of AMD [19,21], this study
can help us to understand better the mechanisms underpinning AMD
and to identify more specific treatment targets for this chronic eye
disease.

2. Materials and methods

2.1. EGFP-SQSTM1/p62 fusion plasmid construct

The open reading frame (ORF) of human SQSTM1/p62 cDNA (NCBI
gene bank no. NM_003900) was amplified from insert plasmid pur-
chased from RZPD (Deutsches Ressourcenzentrum für
Genomforschung, Berlin, Germany, cat.no IRAUp969A0698D). The
ORF was amplified with a high-fidelity DNA polymerase (Phusion Hot
start DNA polymerase, Finnzymes, Finland). The following primers
were used: sense 5′-ATA CTC GAG at ATG GCG TCG CTC ACC; reverse
5′-TAT AAG CTT a TCA CAA CGG CGG GGG ATG. The added restriction
digestion sites for XhoI and HindIII are shown in italics and the trans-
lation initiation and termination sites are in boldface. The additional
bases enabling in-frame cloning are in minuscules.

The sticky ends for the amplified SQSTM/p62 ORF as well as for the
multiple cloning site of the vector pEGFP-control (Clontech, Mountain
View, CA, USA) were produced with restriction endonucleases XhoI and
HindIII (MBI Fermentas, Vilnius, Lithuania). Ligated (T4 DNA Ligase,
Roche, Basel, Switzerland) DNA, forming a fusion gene of EGFP and
human SQSTM/p62, was transfected into competent DH5α E. coli cells,
which were prepared using the protocol of Inoue and others [22]. The
bacteria were cultured and the plasmids purified according to standard
methods [23], and their integrity was determined initially by restriction
endonuclease digestion analysis and finally by sequencing the two
junction sites and neighbouring regions.

2.2. Cell stimulations

The human retinal pigment epithelial cell line (ARPE-19) was pur-
chased from the American Type Culture Collection (ATCC). The cells
were cultured in DMEM/F12 (1:1) growth medium (Life Technologies,
Paisley, UK) containing 10% inactivated fetal bovine serum (FBS;
Hyclone, Logan, UT, USA), 2 mM L-glutamine (Lonza, Walkersville,
USA), 100 U/ml penicillin, and 100 µg/ml streptomycin (Lonza) at
+37 °C in humidified conditions with 5% CO2. Passages 26–33 were
used in the present study.

In the transfection experiments, ARPE-19 cells were seeded onto 12-
well plates at a density of 1×105 cells/ml and grown in serum-con-
taining medium until 60–80% confluent. In the siRNA experiments,
SQSTM1/p62 siRNA (cat.no s16962, 30 nM) or non-silencing siRNA
(cat.no AM4611, 30 nM) was administered into the wells along with the
siPORT Amine transfection reagent (all from Ambion, Austin, TX, USA)

in serum-containing medium. In the SQSTM1/p62 overexpression ex-
periments, EGFP-SQSTM1/p62 plasmid construct (1 μg) or control
EGFP plasmid construct (1 μg) was added into the wells along with the
ExGen500 transfection reagent (Thermo Fischer Scientific, Waltham,
USA) in serum containing medium. After 24 h incubation, the wells
were washed with serum-free medium and recombinant human IL-1β
(10 pg/ml; Invitrogen, MD, USA) was delivered to cells in medium
without serum. Thereafter, the cultures were incubated for 24 h at
+37 °C in humidified conditions with 5% CO2.

In the autophagy inhibition studies, ARPE-19 cells were seeded onto
12-well plates at a density of 2×105 cells/ml. Fully confluent cell
layers were washed with serum-free medium, and the medium was
replaced by fresh one. Cells were exposed to bafilomycin A (50 nM;
Sigma) for 24 h with the subsequent treatment with recombinant
human IL-1β exposure, as mentioned above. Subsequently, cell culture
media were collected and centrifuged at 380× g for 10min. The su-
pernatants were transferred into new tubes. The cells were washed once
with ice-cold 1×DPBS (Life Technologies) and lysed with M-PER so-
lution according to the manufacturer‘s instructions (Thermo Scientific,
Waltham, MA, USA). The cell lysates were centrifuged at 16 000× g for
10min at +4 °C and the supernatants were transferred into fresh tubes.
All samples were stored at −20 °C until analysed.

2.3. Enzyme-linked immunosorbent assay (ELISA)

IL-8, IL-6 (BD Biosciences, San Diego, CA, USA), and MCP-1
(eBioscience, San Diego, CA, USA) were measured using the ELISA
method from cell culture medium samples according to the manu-
facturers‘ instructions. Absorbance values were measured at 450 nm
with the reference wavelength of 655 nm using a spectrophotometer
(Biorad, Model 550, Hercules, CA, USA).

2.4. Western blot

Protein concentration was measured using the Bradford method,
and equal amounts of protein (11–25 µg) in the cell lysates were run in
15% SDS-PAGE gels and wet-blotted overnight onto nitrocellulose
membranes (GE Healthcare, Little Chalfont, Buckinghamshire, UK).
Ponceau S (Sigma-Aldrich, St. Louis, MO, USA) staining was used to
ensure the accurate protein transfer from the gels to the membranes.
The membranes were blocked with 3% fat-free milk in 0.3% Tween20/
PBS for 2 h at room temperature (RT). Thereafter, the membranes were
incubated with mouse monoclonal antibodies for SQSTM1/p62 (1:1000
in 0.5% BSA in 0.3% T-PBS; Santa Cruz Biotechnology, Inc. Dallas, TX,
USA) overnight at +4 °C, GAPDH (1:15000 in 0.1% T-PBS; Abcam,
Cambridge, UK) for 2 h at RT, or with alpha-tubulin (1:8000 in 1% milk
in 0.05% Tween/PBS; Sigma) for 15min at RT. The membranes were
washed 3× 5min with the respective washing buffer followed by 2 h
incubation for SQSTM1/p62, 1 h incubation for GAPDH, or 15min in-
cubation for alpha-tubulin at RT with a horse-radish peroxidase (HRP)-
conjugated anti-mouse IgG antibody (1:10000 in 0.3% T-PBS for
SQSTM1/p62, 1:12 000 in 0.1% T-PBS for GAPDH, and 1:10 000 in 1%
milk in 0.05% T-PBS for alpha-tubulin, GE Healthcare). The washing
steps were repeated and SQSTM1/p62, GAPDH, or alpha-tubulin pro-
tein-antibody complexes were detected using the enhanced chemilu-
minescent assay after the substrate (Millipore, Billerica, MA, USA) ad-
dition. All results were quantified using the ImageJ program (http://
rsb.info.nih.gov/ij/index.html).

2.5. Statistical analyses

All data were analyzed using the GraphPad Prism program
(GraphPad Software, San Diego, CA, USA, version 7.04). Pairwise
comparisons were performed using the Mann-Whitney U-test, and p-
values 0.05 or less were considered as statistically significant.
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3. Results

3.1. SQSTM1/p62 overexpression triggers modest secretion of IL-8

ARPE-19 cells were treated with the pEGFP-SQSTM1/p62 or control
pEGFP constructs, and the success of transfections was monitored by
measuring the SQSTM1/p62 protein levels with western blot tech-
nology. As expected, the EGFP-SQSTM1/p62 overexpression increased
the cellular SQSTM1/p62 levels so that they were 15.8 times higher
when compared to the EGFP control or untreated control cells (Fig. 1A).
Cells overexpressing EGFP-SQSTM1/p62 only slightly increased the
secretion of IL-6, and the difference was not statistically significant
when compared to cells treated with pEGFP alone (Fig. 1B; 6.3 pg/ml
vs. 5.2 pg/ml, respectively; p=0.1830, Mann-Whitney U-test). Fur-
thermore, the levels of MCP-1 were not increased after the EGFP-
SQSTM1/p62 overexpression (Fig. 1C; mean in EGFP-SQSTM1/p62:
658.2 pg/ml and EGFP-control: 638.9 pg/ml, p=0.5899). The EGFP
control merely decreased the secretion of MCP-1 when compared to
untreated cells (Fig. 1C; 638.9 pg/ml vs. 736.9 pg/ml, respectively;

p=0.0145). This was at least partly due to the transfection reagent,
which alone decreased the release of MCP-1 as compared to untreated
control cells (Supplementary Fig. 1A; p=0.0207). In contrast to IL-6 or
MCP-1, EGFP-SQSTM1/p62 overexpression increased the levels of IL-8
when compared to cells treated with pEGFP alone (Fig. 1D; EGFP-
SQSTM1/p62: 193.8 pg/ml vs. EGFP-control: 138.0 pg/ml,
p=0.0519). Overexpression of SQSTM1/p62 increased the levels of IL-
8 ca. 40% when compared to the transfection control.

3.2. Overexpression of SQSTM1/p62 increases the levels of IL-8 in IL-1β-
stimulated RPE cells

We have previously shown that 1 pg IL-1β can induce the secretion
of IL-8 in ARPE-19 cells [20]. In the present study, RPE cells were
treated with 10 pg IL-1β, which was sufficient to induce the release of
IL-6 (mean in untreated control: 5.29 pg/ml and IL-1β: 8.84 pg/ml,
p=0.0449; Fig. 1B). Exposure to IL-1β also induced the secretion of
MCP-1 (mean in untreated control: 736.9 pg/ml and IL-1β: 1193.7 pg/
ml, p=0.0005; Fig. 1C) and IL-8 (mean in untreated control: 114.5 pg/

Fig. 1. The effect of SQSTM1/p62-overexpression on ARPE-19 cells. (A) Levels of SQSTM1/p62 were detected by western blot and normalized to the internal control
protein, GAPDH. (B) The levels of secreted IL-6, (C) MCP-1, and (D) IL-8 were determined from ARPE-19 cells, which were initially transfected with pEGFP-SQSTM1/
p62 or pEGFP constructs for 24 h followed by treatment with IL-1β for the next 24 h. Results (B–D) have been combined from three independent experiments with
four parallel samples per group and are presented as a mean ± SEM. *p < 0.05, ***p < 0.001, ns= not significant difference, Mann-Whitney U-test. EGFP-
neg.= EGFP-control.
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ml and IL-1β: 496.2 pg/ml, p < 0.0001; Fig. 1D).
The presence of excessive amounts of SQSTM1/p62 in ARPE-19

cells during the IL-1β treatment did not affect the secretion of IL-6
(p=0.3474) or MCP-1 (p=0.5512) when compared to IL-1β-stimu-
lated EGFP-control (means in IL-6: EGFP-SQSTM1/p62+ IL-1β:
9.96 pg/ml and EGFP+ IL-1β: 9.59 pg/ml, Fig. 1B; means in MCP-1:
EGFP-SQSTM1/p62+ IL-1β: 1102.5 pg/ml and EGFP+ IL-1β:
1140.5 pg/ml, Fig. 1C). Unlike IL-6 or MCP-1, the secretion of IL-8 was
increased upon the IL-1β treatment in the presence of SQSTM1/p62
(Fig. 1D). SQSTM1/p62 overexpression-induced secretion of IL-8 was
ca. 60% higher when compared to cells exposed to IL-1β alone (mean in
EGFP-SQSTM1/p62+ IL-1β: 786.4 pg/ml and IL-1β: 496.2 pg/ml,
p=0.0145; Fig. 1D) and ca. 40% higher when compared to EGFP+ IL-
1β control (mean in EGFP- SQSTM1/p62+ IL-1β: 786.4 pg/ml and
EGFP+ IL-1β: 561.6 pg/ml, p=0.0002; Fig. 1D). The concentration
range of IL-8 was 496 – 786 pg/ml and 115–194 pg/ml with and
without IL-1β treatment, respectively.

3.3. Silencing of SQSTM1/p62 increases the secretion of IL-8 and MCP-1

Next, we studied whether the absence of SQSTM1/p62 exerted any
effect on cytokine and chemokine production, with the expression of
SQSTM1/p62 after the specific small interfering RNA (siRNA) treat-
ment being detected by western blot. SQSTM1/p62-siRNA entirely
blocked the expression of SQSTM1/p62 in ARPE-19 cells when com-
pared to cells treated with non-specific siRNA or left untreated
(Fig. 2A). Neither transfection itself nor depletion of SQSTM1/p62 af-
fected the levels of IL-6 (Fig. 2B; SQSTM1/p62 siRNA: 4.7 pg/ml and
non-silencing siRNA: 4.2 pg/ml p=0.1402). Instead, SQSTM1/p62
siRNA increased the release of MCP-1 when compared to cells exposed
to non-specific siRNA (Fig. 2C; means 987.371 pg/ml and 709.514 pg/
ml, respectively; p < 0.0001). In addition, SQSTM1/p62 siRNA sta-
tistically significantly increased the secretion of IL-8 in comparison to
cells exposed to a non-specific siRNA (Fig. 2D; means 321.5 pg/ml vs.
288.3 pg/ml, respectively; p=0.0394) but the increase was only ca.
10%. Also the non-specific siRNA yielded significantly higher levels of
IL-8 when compared to untreated control cells. This was mainly due to
effect of transfection reagent (Supplementary Fig. 1B; p=0.0022).

3.4. Absence of SQSTM1/p62 does not affect the IL-8 levels but increases
the release of MCP-1 from IL-β-stimulated RPE cells

The levels of IL-8, IL-6, and MCP-1 were measured from SQSTM1/
p62-depleted cells exposed to IL-1β. ARPE-19 cells did not secrete sig-
nificantly greater amounts of IL-6 (p=0.1088) if the cells were treated
with SQSTM1/p62 siRNA+ IL-1β than those exposed to non-specific
siRNA+ IL-1β or IL-1β alone (mean in SQSTM1/p62 siRNA+ IL-1β:
5.67 pg/ml, non-specific siRNA+ IL-1β: 6.48 pg/ml, and IL-1β:
4.83 pg/ml, Fig. 2B). Instead, the loss of SQSTM1/p62 in the IL-1β-
stimulated cells induced the secretion of MCP-1 (mean in SQSTM1/p62
siRNA+ IL-1β: 1068.04 pg/ml and non-specific siRNA+ IL-1β:
901.61 pg/ml, p=0.0295; Fig. 2C), which is in line with the experi-
ments without IL-1β. Although non-specific siRNA together with IL-1β
treatment increased the IL-8 levels when compared to IL-1β-control
cells with normal SQSTM1/p62 levels (p < 0.0001), the difference
between SQSTM1/p62 siRNA+ IL-1β and non-specific siRNA+ IL-1β
samples was not statistically significant (p=0.4569, mean in SQSTM1/
p62 siRNA+ IL-1β: 385.12 pg/ml, non-specific siRNA+ IL-1β:
399.26 pg/ml, and IL-1β: 262.35 pg/ml; Fig. 2D). This indicates that the
depletion of SQSTM1/p62 did not specifically affect the secretion of IL-
8 in IL-1β-treated cells.

3.5. Blockade of autophagy flux decreases the secretion of IL-6 and MCP-1
but increases the levels of IL-8

ARPE-19 cells were lastly treated by an inhibitor of autophagosomal

H+-ATPase, bafilomycin A (hereafter referred to as BafA), which in-
creased the levels of SQSTM1/p62 both in the absence and presence of
IL-1β (Fig. 3A). The levels of IL-6 were reduced by 6.4 and 3.8 times
upon the BafA or BafA+ IL-1β exposures when compared to untreated
control (p < 0.0001) or IL-1β-treated control cells (p < 0.0001), re-
spectively (mean in untreated control: 58.6 pg/ml, BafA: 9.2 pg/ml, IL-
1β: 75.0 pg/ml, and BafA+ IL-1β: 15.01 pg/ml; Fig. 3B). In addition,
the levels of MCP-1 were decreased by 2.1 and 1.7 times after the BafA
and BafA+ IL-1β treatments when compared to the untreated control
(p < 0.0001) or IL-1β-stimulated control cells (p < 0.0001), respec-
tively (mean in untreated control: 1544.7 pg/ml, BafA: 717.6 pg/ml, IL-
1β: 2378.2 pg/ml, and BafA+ IL-1β: 846.0 pg/ml; Fig. 3C). The results
of IL-8 were in line with the data obtained in the SQSTM1/p62 over-
expression experiments (Fig. 1) since BafA treatment without and with
IL-1β increased the secretion of IL-8 4.6 and 1.7 times when compared
to untreated (p < 0.0001) and IL-1β-treated cells (p=0.0009), re-
spectively (mean in untreated control: 116.3 pg/ml, BafA: 529.5 pg/ml,
IL-1β: 499.7 pg/ml, and BafA+ IL-1β: 835.5 pg/ml; Fig. 3D).

4. Discussion

The increased intracellular accumulation of SQSTM1/p62 in the
foveomacular area of AMD patients is evidenced for a dysfunctional
protein clearance in the pathogenesis of AMD [10]. We have recently
reported that the impaired protein clearance promotes the NLRP3 in-
flammasome-mediated IL-1β production in human RPE cells, which
further induces the release of IL-8 chemokine [20]. So far, the role of
SQSTM1/p62 in modulating the production of cytokines and chemo-
kines in RPE cells has remained unknown.

Our present experiments without IL-1β stimulation revealed that
both the overexpression and silencing of SQSTM1/p62 induced the
secretion of IL-8 in ARPE-19 cells. However, the lack of SQSTM1/p62
increased IL-8 only ca. 10%, whereas the effect of the overexpression of
SQSTM1/p62 was ca. 40%. Our data with bafilomycin A (hereafter
referred to as BafA) supported this finding since it increased the in-
tracellular levels of SQSTM1/p62 and triggered the IL-8 secretion si-
milarly to SQSTM1/p62-overexpressed RPE cells. The inhibition of
autophagy by BafA has already previously been shown to increase the
expression of upstream proteins involved in autophagy, including
SQSTM1/p62, in RPE cells [10,11]. BafA-triggered IL-8 release is in line
with the results of Yang et al. who revealed that chloroquine, another
autophagy blocker, induced NF-κB activation-mediated expression of
IL-8 mRNA in melanoma cells and squamous cell carcinoma cells [24].
Additionally, Yang et al. showed that BafA at concentrations of 10 to
50 nM induced IL-8 mRNA expression [24]. In the present study, 50 nM
BafA was able to induce an elevated release of IL-8 chemokine from
RPE cells.

The levels of IL-6 remained unchanged upon different amounts of
SQSTM1/p62 but the blockade of SQSTM1/p62 increased the release of
MCP-1, suggesting that some SQSTM1/p62 is needed for maintaining
the expression of MCP-1 at the basal level. Interestingly, although BafA
treatment with excessive amounts of SQSTM1/p62 increased the re-
lease of IL-8, the productions of IL-6 and MCP-1 were reduced.
SQSTM1/p62 has shown its anti-inflammatory properties by regulating
myeloid differentiation primary response 88 (MyD88)-dependent ex-
pression of IL-6 [25]. Since our interleukin-1 receptor (IL-1R)-mediated
stimulation differed from the signaling pathway of Toll-like receptors
(TLRs), MyD88 may not be the only target for the anti-inflammatory
effects of SQSTM1/p62. Kim and Ozato also found that excessive
amounts of SQSTM1/p62 prevented the secretion of IL-6, whereas the
loss of SQSTM1/p62 increased the release of IL-6 in macrophages [26].
The absence of SQSTM1/p62 has been reported to reduce the secretion
IL-6 in human keratinocytes [27], implying that cell type plays a role in
determining the response. In the present study, we did not find any
increased or decreased IL-6 levels following the overexpression or the
silencing of SQSTM1/p62. Therefore, the reduced IL-6 levels only in
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BafA-treated ARPE-19 cells may have occurred via the pH-dependent
mechanism similarly to chloroquine-stimulated human monocyte cell
cultures [28].

When ARPE-19 cells overexpressing or lacking of SQSTM1/p62
were stimulated with IL-1β, we found that only excessive amounts of
SQSTM1/p62 increased the release of IL-8. This result is in line with
those of Kawai and others who reported that the loss of SQSTM1/p62 in
IL-1β-stimulated HeLa cells downregulated the phosphorylation of p38
and destabilized IL-8 mRNA, suggesting that reduced levels of
SQSTM1/p62 are able to protect cells from inflammation [17]. Ac-
cordingly, we found that the loss of SQSTM1/p62 along with IL-1β had
no effect on the release of IL-8, suggesting the stable levels of IL-8 after
IL-1β stimulation.

The depleted but not overexpressed SQSTM1/p62 increased the
levels of MCP-1 in IL-1β-stimulated cells, which is in line with the
finding without IL-1β indicating that a certain amount of SQSTM1/p62
is required for maintaining cellular homeostasis and keeping MCP-1 at
the basal level. Previously, it has been reported that innate defense

regulator-1 (IDR-1) peptide can elevate MCP-1 levels in human per-
ipheral blood mononuclear cells (PBMCs) [29] and thereafter, it has
been shown that IDR-1 binds to the ZZ-type zinc finger (ZZ)-domain of
SQSTM1/p62 [30]. One could hypothesize that in the absence of
SQSTM1/p62, there is more unbound IDR-1 available in the cytoplasm
to trigger the release of MCP-1. As SQSTM1/p62 has scaffold proteins
for different cellular pathways [6,8], distinct results of IL-8, IL-6, and
MCP-1 may be explained by the participation of the different domains
of SQSTM1/p62. Although it has been known that SQSTM1/p62 can
mediate both anti- and pro-inflammatory effects on cells [13,16], this
study highlights that SQSTM1/p62 has a pivotal role in a regulation of
inflammatory markers also in RPE cells.

In summary, the impaired protein clearance leads to the accumu-
lation of SQSTM1/p62-labeled waste material inside the RPE cells
[10,11], and these conditions cause the activation of the inflammasome
in conjunction with IL-1β secretion [20]. According to the present
study, SQSTM1/p62 contributes to increased secretion of IL-8 upon IL-
1β stimulation in human RPE cells (Fig. 4). Some SQSTM1/p62 is

Fig. 2. The effect SQSTM1/p62 knockdown on ARPE-19 cells. (A) Protein content of SQSTM1/p62 was measured by western blot and the result of SQSTM1/p62 was
normalized to the internal control, GAPDH. (B) The levels of secreted IL-6, (C) MCP-1, and D) IL-8 were measured using the ELISA method from ARPE-19 cells, which
were initially transfected by SQSTM1/p62 siRNA or non-specific siRNA for 24 h followed by treatment with IL-1β for the next 24 h. Results (B–D) have been
combined from three independent experiments with six (B and D) or three to six (C) parallel samples per group and are shown as a mean ± SEM. *p < 0.05,
***p < 0.001, ns= not significant difference, Mann-Whitney U-test. Neg. siRNA=non-specific siRNA.
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needed also for functional autophagy and cellular homeostasis [6].
Therefore, the avoidance of excessive SQSTM1/p62 levels might help to
regulate the secretion of IL-8 without increasing the production of an-
other chemokine, MCP-1. Since IL-8 and MCP-1 are chemokines that
recruit neutrophils and monocytes to an inflamed tissue, respectively
[31,32], the regulation of SQSTM1/p62 as well as the control of the IL-
1β secretion could help to prevent chronic inflammation in the retina.
Neutrophils further attract monocytes into the site of inflammation
[33], which highlights the importance of IL-8 regulation in the pre-
vention of local inflammation. Currently, there is no proper approved
treatment available for AMD patients who are suffering from the dry
form of the disease; these make up 80% of all AMD cases [34]. As in-
flammation is involved in AMD pathogenesis [19], our present study
provides additional information to be considered when seeking new
therapeutic approaches.
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